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Quality Control and Uncertainty Analysis of Return Radiosonde
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Abstract: Aiming at promoting the application of new-type sounding data in NWP (Numerical Weather Prediction)
models, this paper presents a basic research work of return radiosonde data. Based on the firstly archived return
radiosonde observation datasets in China, a quality control scheme for future operational implementation purpose is
established. By comparing and analyzing the statistical characteristics of observation samples before and after the
quality control, the rationality of the quality control method is demonstrated. After the quality control procedure,

the sampling distribution of the detection variables is more reasonable, and the inner-consistency of variables is

TEHNIE . B KCE f R TR (2018YFC1506205) AR, ERKE fit A1kl (2017YFC1502102), A#mtEirl (K5 #
&I (GYHY201506003) , HF B S 5 R HUE Tk 4 05 F 54 (NWPC-QNJJ-2019)

fEZ I TP Lo, 1987 4, FEMNF MM TR 3 A F R A5, E-mail: wangd@cma.gov.cn

BINEE: T4k, EEMNFERIFEMMPT, E-mail: wangic@cma.gov.cn

Wk . 2019-08-19; ML T H! i H -



mailto:wangd@cma.gov.cn
mailto:wangjc@cma.gov.cn

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

also improved. An uncertainty analysis of return radiosonde data is then carried out by referring to the high
resolution NWP model forecast field and the conventional sounding observation data of the same site. The results
show that the precision of return radiosonde has reached the breakthrough target defined by WMO (World
Meteorological Organization). Some detection variables have even achieved the ideal target. Finally, the
assimilability of return radiosonde data is discussed based on the background field of NWP model. The results
show that wind field observation at all time and night temperature observation satisfy the Gauss and unbiased
assumption of the variational assimilation system, and can be assimilated directly. In order to playing a more
effective role in data assimilation system, air pressure, humidity observations and daily temperature need to be
corrected before data assimilation. The work in this paper lays a foundation for the future assimilation application
of return radiosonde.

Key words: Return Radiosonde, Quality Control, Uncertainty of Data, Potential in assimilation
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TERERE G FR G EHZ S, RS REN S it 2 B =4 TR 1B REEE R,
Je 1 2 A 28 b BN T A FO 3R HE R (Faccani C et al. ,2009). JT4ER, FEERMFARKARWEL, Ha
R AT J5) BT b AR RN, 1T 1) B e P 28 0 R A AR . | 1991 4k, R FIE R
J&. EES ). FES S RM2EE NOAA (National Oceanic and Atmospheric Administration) 2455 4x [ ik
R EER Ay ul T RIS R) ) e/ T 5 8, HEEL 7 HFRART 50m (R R M (Hamilton K et al., 2013).
2011 4FE, FERT KRG AT AT E A, 59 MRS KRB TION L W BIRT R, & IRFER
(FJIAIRR Sy 1.2s, FEELIAIFRZI N 8m, BEFRMLEE AW An KA E R WE S OFEREE, 2014).

o 70 FE R IR R A BORERT DU 3 S WK UR S I BURFAE , A BT TR 63 AT S A 4 0
TEHT, XTI RN B s AU AR R R BRI 1 S 95 i SRSt (Alllen S J et al. ,1995; Wang
et al. ,2003; FEEFHFLE, 2004; FENIHS, 2018). H{H PR #R 2 BORHN F I 30— B 240U, P& 4
ABL TR AL 2 170 B v /KT R 2 By FE 2R ARG AL TR 7 ) A JE D AR BORME e 70 W 25 U T = 14
[F AL FH BB AR 2 J7 6] CIngleby B and D.Edwards,2015 ; Ingleby B et al., 2016). Hff 77 2% B 7€ $i0 {8 TR AR
KPR EHRS, HIIANRTERGEE, MBS, R TR A EEEN (B
4%, 2015; Stephane and Sarrazin ,2013).

PP AR TR ) — KSR i R SRR s it B R RACK, W LR A B0 ot B 4 W 5 R AT 78 2 oy
Wi RHFAY S MR HES), 4 NECP (National Centers for Environmental Prediction) iR Sk E T
2R TR E #5092 (Complex Quality Control, CQC) (Collins. ,2001); ECMWF £ % &) EMOS (ECMWF’s

Meteorological Operational System) Jii &% &4t (Norris B,1990) LA & J& ¥iFF & 1148 7 i B 4% 1) 5 7%
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(Variational Quality Control, VarQC) ( Andersson E and Jarvinen H,1999) . 7£ [ Py, [E %K %45 B 40> Liao and

Wang (2014) RJHFe S 6 BT 18 R BRI HIENE, E il 7 e IR & 7% 5K
BHAE (2017 FERL TR RS TR AE ] R AL SR G R o bl W R 7 o B 1) 75 7 BEAR R
(B T AP RAR 2 BORM I R SR R, BURMRRIE 5 W R AN e — 30, AEREAT BRI AT
I IEANRE T R I W AIR T, T EHATIRAAL .

AWM Z R TR F R, T 2B AR BRI, 4ERZ 2/3 BRI R A H 5 H IR
(00UTC 1 12UTC) HfLGMMAE (Choi Y et al.,2015). 4K,  H AT FIZRMIAT K H AN BEG & Hh /N RUBE 5
FVER ARG WA FUE TR RS, ZRAKE N RRSEE WL T BRI, mk =
FER B KR A R b 2 Ja B R0 00 25 W A5 3 (Longland et al. ,1999; 5K 445, 2009; &7 <1454, 2011;
AERIEE, 2012)0 KA R AR LA [R] I SIS AA VS HE BRI I 8, DL4ERE H #0155, @
DIt R M IIAE hE SRR AR 0 2k — BB T RN IR R, £ Vaisala
RSA1 MRS ARG A AT AT 15 QR B AT 3 SR 2 W 52 AR o B X R A AR S AT — Uit T8 22 BOWLi
B b T+ B TR] IR B — T B BRI, S 1 4582 UL DN D TR e i 2 s, 5000 Py o e 2 i
[FJ I RER T2 K RS Bk, RIETT 20 1 I A, R R A BRSO A 2t 25k

HOE PR B R B A S PR R VAT S s A B o 117, B BRI B R B X 15 LRI
JS7 AT HES RIS AR e B B . R, AR IR xR AW B R i Ak TR B B, B AR IE AN
J, FEREAT B GORHE A B AR B 75 AR LR A 8 (1D 8 Y BORLAE A MR e 00 57 2 17 e, ot
BAEH T FAZ AT (2) Fr B BORRE s L AR AR RE S 15 3 2 R A WMO  (World
Meteorological Organization) $2H IS G AERFARKIMEMZZR?  (3) B VORI BE M 2 4 Rk R G xt
TR B ) AR B, R E BA RN RTR? 9 TR R EiR R @, AT 2018 4E KL
R AR OO 1 A H B IR AR A B AP, e T R BB B AR T AR T, IR R
5 FORRIEATVRM . IR T IR INEHRE AT E N, e IR0 BURH BB PR vT Atk . ASCmT 7 AR
B InARSS AR AR GORM B AT N, I 094 Ja AE BB 2 R (R A L i S 2 . R R e
2 BRSO SE AR

2018 4 6 H 10 H-7 H 10 H, P ESRFERSIRM PO BCE R F3ET 1 N E AR R
23 (BT AN R . ZE KV RO i g . k. 22, VLU 4 BIEEL 6 MRS N S BRI
R, XN GPS (Global Positioning System) #2UHLI%Z IR 1:3 FIELFIZEY, #IAH 20 & 22 A BN R R 2
F 5 T HEE N 2% (] 1) ATIRER A RBR— H 2 IR, S ML 5548 20 KT (B 45, 6] 18] [B] B £ 30Mins .
B 1b 2 DA% Kuk 2018 4F 6 H 11 H 12UTC J9fil, AEIRIRT BRI — XS AT L. R AR “&

B BOR, ETHBORIN SIS REL, RBRIEAT 1.3h FEISTFRE, “ANRT AElERBUTIHHET 5.4h
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ARG A B A B[R] 202 2, ARERHIA] 6 ANREI s A5 BB OBERECN 363 k. #1441 T4
R TR G B, MR Bk BT BRI ST 2 )y 100%, PRI KA 1. 43h, F
BIER e m 2y 26835m. AW AR AR VEREFR AR Yo vt i 2R ABRFIEIS 1) =4h,  $ebbdabrgirt, BIBTBLS
AN S5 B R T 2R 20K 45%, FRIRLIIES KON 5. 37he S ER T BRI R HIA 22 PRs 94. 9%, Kbk 85%.
FOMN NG 84. 7% FF B 98. 3% BP0 90. 3%LA S B Bk 87. 1%, N FEBCFIMIIES K 0. 87h, SERZI1b&

FEuhIAIZE R BOR, Ferbrgz ot o Qi T $e2b v FE UM R L I
F 1 ARSI BOR G THE B
Table 1 statistical information of return radiosonde
SRS BRIV CTERIIE  LIHBCT BIPBOP CFEECTY TRECEH TRETH
SURIIN RIS BRAE R SRR RIS JURIIERIS b

2R 59 45.8% 1.51h 27060.1m 5.54h 1.01h 1813.4m
Kb 60 46.7% 1.43h 27433.2m 5.14h 0.75h 4135.2m
H 59 44.1% 1.34h 26006.9m 5.22h 0.77h 4554.9m
& 61 42.6% 1.48h 27315.1m 5.38h 0.91h 2596.9m
TR 62 43.5% 1.46h 27050.3m 5.72h 0.91h 861.7m
HE 62 46.8% 1.38h 26144.6m 5.21h 0.88h 3563.5m

Bl AR HEX (@) RRNHEREE (b

Fig.1 Return radiosonde network distribution (a) and an example of observation trajectory (b)

(Black dots represent return radiosonde launch stations and triangles represent GPS receiver locations in Fig.1a)
3 BRI BT R VPG
3.1 B AR

TR R O S R ZE . I RREMRGMEIRZE, ST REEMRAFE LR R, 18
VORLN I AT B0 GRAEE, 1997; BRHELE, 2009). HXMHHMES CARIE T ZRERGIINE,
WA AS Ay BB ) — SOMEAS r  R A A 2 ) — BOMEAS A L XY AG 7 DL S B 02546 2545 (Durre et al. ,2008;
BHESE, 2018). HURERZ MR m A HI A S W MRS FN, FRaE G ORI, XA 7oA &0
B ASCERAH IR RS SRR AR E 2 ok, SR D BEFHBL PR FRRBARIN TR EA
], DRIGCR 7 BOR s 4% s, =B BOR T R 4% 2) B— MR AP R A BT ARl QE
N0, AIBEA L, HERA 2, REEN Q) MANBERHEATEREMNEE, HIE T RIES— A AU 0
S BREARTH . RS AR

K2 AR R o e
Fig.2 Quality control flow of return radiosonde
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a. WAk
R A S LU LA R
1) SERARNERE. AR mE. Kol T GG F e
2 ) TS DU T SRORH AR 2 TR 22Ok H W2 5 S W IR AE , AR R RIS TR R Ay 25 CF
&)
3) eI A AN

R
DTi=Tix(%) d/C”—Ti+1 (D

HADT, RN 1 BNEARIREZ, THIRE. PHAE, RONTESAMATH 287)/(kg.k) CFIFED,
Cpy AT RS R LA 1004. 64) /(kg."C), BRI AR AR 48 WA A IR RE S, b Bk 25 vh SR 2 Py > Pryy TR
FIZAE TREBM, FEBAUEARRAG RN, B AT 4 P i e A

4) BRI —BUER A R RGN A IR SR A, DM R R

D GBI, R R Sl KGR RS X B

i) K =0, K0 B K [a+#0, KiE=0;

i) -5 A <0° B IRJE-FE £1>500 ;

DAF Y25 4G A 8 B AR 22 WO FR AR S FiR 0 EMOS R4t

5) MU ESHEBEIESE (2017), %77 Z A N5 & K A A XGE 520, THEA RS-

WSl' = \/Vi+12 + Viz - 2Vi+1Vi+1 cosD <2)

HrhwsARES 1 JZHIRYIZL, VIRGE, DAAHLEHII (a2 R 2. WSBIE B E I 3 gtk
o WSBIERBURS ST 5 NS 8 Je X WSHAR IR CRARA AL T30 B 8] )2 45— 2k
KRR S RETORL SRS THE AR 18] 2 bR = (R 2 (&1 3 tPiE), X M R 2 AT 7 Bod/h —
T A CETH FREB R G 60s, “FEREBIN 180s) REIHIAEL (B 3 k), mAHUUARZN N
il CETE. FREECN=5, “PEBIN=T) {EAWSHIFHE (& 3 thaxsl), WS KT R, MANHATHZ
WG [R5

K 3 AR A BB (a). “FEE (b). TR (c) XUIARBIE N EE /510
(B 2 bR 2 B BR 2R, A ELNE/N ZTIEN G, SEEL WS AW B (E)
Fig.3 Vertical distribution of wind shear threshold in ascending stage (a), drifting stage (b) and
descending stage(c) of return radiosonde
(Blue line represent mean profile of standard deviation, red line represent the least
square fitting profile and green line represent wind shear threshold)
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AR A AR AE PRI R v R DRI 2 AR AR e I 00 XU RS, 201400 Biltm: 1D i
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PR “OCAERE” LR (WO, 2014), WIKBIRZAE 30Mins LB IUEE (& 4a); 2) ™
AR TCIF YRR U, AEXTR R RARIEIAEE T S R 4 S B TR, MR PR 2% L
N, JHERFAZ, MAAEXNTZERZ, 88O M v A B B AN B2 e ied e rh Je i S kRt 2 IR
FEMEME (FMANATRAORER, 2018), WIKIDIREAESFINRZE M EEHMIFH MW TE (B 4e); 3) SHREMRE
SRR A SR AL — iy GPS SRR 1%, 3G AR AR A — B (] Y [T E AR (BRagEsE, 2017), e B4R
ZAE 50Mins—60Mins [A] /K7 KUK EAZL (B de)o S HRMMEME, A SO0 AR I B2 HEA TV Bl —3fe
WE . ZHIUT L PBHRT RGBS LS S SR BN, SCrP i shint (8] 83 € 9 60s. 54
BRI ) B AR R & ELA R R (B 4b, B 4d. Bl 4g), WiERBREEGLT%, MRHIEHE. T
MRPEERLL, N0y 100hPa i UL MEE PRI R 2 B AE NIA Y P & o

Kl 4 BEEBEMEE (. BE (. dimR () KXNIUE
R (by dv 0 EESA
Fig.4 Vertical distribution of temperature (), relative humidity(c), zonal wind (e) and corresponding fitting slope (b,d,f) in
example of rigid profile

c. EEEERA

B — SO AR T AR ) AN, G T SR R AR A I et RE AR 3-5 bR ZE R
NETHE (HSFTRANRE R, 2017). KT, BSRFBEREA & 200 G v RE A 10 P B At 22 7= AR AR s,
KT B B TR XIS, 2014) . T IR/INR ARG, A SO AR I R0 2 Hh R R I e () AR
A BT XUR E FIEH0] (Zou and Zeng, 2006), VAL U A, & KR HAE 352 XCN: DU = (Upyq —
U)/dt, Hrhdtl 2s. ik EELRAT:

1) HEIRINE R A AR REA X A XUR P (X AN XU E A5 #E 2 BSTD:

v T Xi—M)(1-w?)?

X=M+ ST w2 (3)
_ nzigte-ma-wi)*
BSTDRX) = S Smiawoaswd) 4
ARPMEFEARPFAE, CHERMER, W RBERE, E SUA:
Xi—M
i = T5xmap (5
MAD#/R|Xi — M| AL, 4|Wil > 18, HUWi = 1;
2) THEEARTEA TR Z-score {H :
_ lxi=x]
i = BSTD(X) (6

3) MR ZAAHAT AW, HZ; = Zger WIVOAARBI R GORIY T, i Zy N BOE BE, ASFEIBRIIER |
AN 1] JZ R AN A, oF 550053 Rl ELXCD) AW S B EAR A«
B A — BT DUR =R, 1D SRINERZ T LR SR, A0l 5a FREBHIRAS 2000s FHL
AYEBHAG 11D RNERZAAAE KRB INZ R A5, B 5d HE B #R4S 4400s DL IR EEEAR LR
Bl BAAAAFE RS 111) FINERAMRE. SERRERIEES), WK 5g |12 R4S 1000s
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K 5f. K 5i L4k t), MITTHSRER A R .

K5 A—SEEERHENE (L5 MR RZRRER (hH)D K& Z-score f CHF) KT E i
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Fig.5 Vertical distribution of observed value (left column), corresponding time-variance information (middle column) and Z-score
value (right column) in example of inconsistency profiles

(blue x represent suspicious observations ,red lines mean threshold of Z-score)

d. HFHERE

SRR AR T AR A . AR TR, RN AR B/ AN BRI v B R A
A%, TN EHT R I A5, SER T REBCAE NS ETHBUH . (Loehrer etal. ,1996). T 3K7E
PR RS ETRES), B A RO TR BRI AN E
e. SIRIHEME

PRAABRI BT S B L R AR AR R, R R R SO TR B2 51k GPS sE L
ik (WMO, 2014). RHth, FREXRARMT-EIETIAE. B 6 45 7 BB PIRE LA T BB R
I EE AT N ET: D EABRIRTAAE “ T IR, TR FUTURITEL X RS2
BB EIBRESS, SEZHRNES TR RS R, TRBIRTHI « B BRIy il
W 2) ik A CPIEE. TREBTHEAN A E SR AL AR B BOANTEREL, KA 5T
A B B RBIR BRI 48 ) P — AN AT RE R R, RSB TH dR B SR R S AT — SR A, B
X LRI 2 A AT 5E

K6 $R7 R T B B A
(a) FFHB, (b) PR, (o) THE
CErh et AR EE VLI, 8 € S AR T SRR
Fig.6 Vertical distribution of lift speed in ascending stage (a), drifting stage (b) and
descending stage(c) of return radiosonde
(red dots represent error observation,blue dots represent suspicious observations )
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2d z2 dz
ﬁif=7&%ﬁ D

Kb, ZRREBAHFEE, PRESE, RyONHAAELL, gl KA E Ik 9.80665m/s*, T, AR IZ T
R o REIERG, SRR S RZARIE, R IR ZE R (R ST £50nPa), TIIA Ay iZ
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Fig.7 Vertical distribution of raw pressure observation (a), pressure observation after outlier check (b) and
pressure observation after hydrostatic check (c) in example of pressure abnormal profile

(black line represent raw pressure observation, red line represent inverse calculated pressure value )

g. AR

3 ] T R A IR R A R R TR R HP IR B R AR IS, W BRI
X T ICEE R E R R T BE R, WA P A DL BB BRI E VO E AT RE, WA R R, S,
BRI IH A AT e
3.2 JR B R P

SHBGAIE T B VAR A 2k, 2% Houchi K et al (2014) S F BT 4 0I5 B2 1 5T 5 B O8I %
AT HIRER A . 1] 8 St T A A JS PR 2R (0 B A L ER e A o PRI R A T B BB IR IR
0%, 10%. 25%. 50%. 75%. 90%F 100%. MEIF%I: U KFTV KU 4G I 0%F1 100%F5 2k H 4F
FEA IR R RGEAG, W S A B KOG T, R b SR RE A PR Ix e S (L, R bl 1 R 0 A
NG, W TREMNT S, 76 100%E2HH 685 2R MR “0C” %2, 0%EFZLTE 90Mins LAF
A2 MR 0, R AR IR X SON G HE,  BREA% 615 IIELRE B b Bk A A o &
AR, JEAEWNITE 90Mins LA R AAFE SRR S, SRR B IE T AR 1. A
JEE L0055 B T U 0 B R R 0 A 25 AN K VR EE ML o, SR 0%J3R 28 7E 30Mlins LA N A71E 29635 (R,
oA ) R R AR B R bR . ST S, AR S AR 3 (R o A SO A 3, 1 B AR ST R
BRI R K.

Kl 8 AR AR A B AR I AT AL S A S PR AL . WAL AR AT RURAA 34 e B SR
AN 5 B 3 or B 2 3 A 6]
CP s — 4TRSS = AT R JFUUA R L 58 AT AN 88 DU AT 2 ot S 4 il Je L D
Fig.8 Percentile profiles of temperature, relative humidity, pressure, wind and geo-potential height of return radiosonde
(first line and third line represent raw data, second line and fourth line represent data after quality control )
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RV (YN 1) 25 28 Bt 2 43 R/ T 52.9%. 5.9%. 15.8%. 0.6%7F1 22.8% (EAk W3 2), Hd By S ol i
PN e DAL S A BT RN S T 43 BT ERUE I T A SR R R SR R

B9 AR i SR AT S m S B R, IREE. AR 735 e FE AT E R () I 1) A% 58 4347 &
(B HR ETFBOWI. Hh (] F 2~ BRI . A5 512 N B BOwLin;
BEAR A EERE, LaREREENE)
Fig.9 Time-variance distribution of zonal wind, temperature, pressure, geo-potential height
and relative humidity of return radiosonde before(black line) and after quality control(red line)

(left column represent ascending stage, middle column represent drifting stage, right column represent descending stage )

F 2 AR GORL BT EAE BT )E G AR E
Table 2 Statistical characteristics of return radiosonde before and after quality control

FEAZL YfE bRtk Z= R B %
FUHERT du 2560990 -0.001 m/s.st 0.52 m/s.st 3.74%
Fi¥EJE du 2465230 -0.001 m/s.st 0.25m/s.s*
JRAEHT dt 2560990 -0.008°C st 0.17°C.s* 4.20%
%G dt 2453340 -0.009°C st 0.16°C.s*
JRAZERT dp 2560990 -0.103 hPa.s™ 0.38 hPa.s™ 4.16%
s s dp 2454410 -0.101 hPa.s™ 0.32 hPa.s™
R HT dh 2560990 2.525 gpm.s™ 8.17 gpm.s*t 2.33%
¥ dh 2501400 2.474 gpm.s™ 8.12 gpm.s*
JUFERT drh 2560990 -0.007%.s* 0.57%.5 3.19%
Fi¥% 5 drh 2479280 -0.007%.s* 0.44%.s

4 HREE BRI e T

PP BT LR 2 (R I B 1 i £ 07 2R AT AR A e, B 22 A3 ) Bt s oxe [ — X e
SHEAT BRI T B0 2 A8 O IR 2 (ZEMARNZER, 2011). SRT, [IERLEXHRIG LA m, BT 20
SAFRR L BLIRALIR IR S S0 T8 A AT IR . Ak WLk 58 4R A B DL A R 4R 2 BT BBk,
SPERBUR R BB ORES HOR S AL MELAUCHC, ANREHEAT AR B b, B HUE R S IR RS 4i 1k
R, T FA A AT =R A TR 37 X5 R 23 BORLEAT VEAS D28 O VAN W o 21 B B, DA ECMWF A 1)
T3 R 5% Ha 2 R S TR TR S BRI 2 F & (5%, 2011; BRRAIT S 2015). [k,
AR TR P E A SR EE R 0 B 20K GRAPES (Global/Regional Assimilation and Prediction
System) PUZEAZ3 AL RS (LA T fRiFK GRAPES-4Dvar) SR Pl 4xint BUEIRIRZS HOMIMIBR R B, 45 &R
S HE R IR AT AR PR LT BRI VT A DA Bh ISR B 5 1A B o SR BRI R AN

PEPEAL TR AR 32 S WMO X 28 5N J7 72 Hi 4> (Commission for Instruments and Methods of Observations,
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CIMO) FEtHAIMIEARAE (WMO, 2014) A1 eh [E R i€ HIH Fl s 2= LR MHTE. ChES %5, 20100,

VU AR 53 & = 470 oy AL TE I [ 48 A9, BB S A 925 BRI [, AT SE ARG Bt - S0
$t 7 (Observation Minus Background, L RfiEi#k OMB) (Xll7kk:2E, 2019). fFiR#EZ OMB 5 BAKMN T
T 56T GRAPES-4Dvar SMIGHE i 43 HE S 0 46 A6 R B ZE 75 7] 3 T s SRS LA FNL (Final Operational Global
Analysis) BERME NI AWMV 53, BT @7 B v R R AT B AR g, UMK 6 /N A
[Fa) AR 73 3o o A UL P 20 I A AR 2 A B I 2] R OEI - Bt s TH 5 Y OMB. GRAPES-4Dvar LI I [i]
829 30Mins, ASORATIRIRZS TR 432 30Mins WL, SREUE s RT3 (B BERTERE ) RE L
[l 10 RSk A5 RS i) omB 5.

K 10 4 T AERRE BTHB PR EUR N RRBUXIS OMB bR 2 Al 22 [ TR B4y A B 20 W70
TR IR Al 22 TE I B AR R 8 7E-0.5m/s-0.5m/s 2 [A], R IIRE A IR KM RG M ZE . KK xt
TZTCL EARHRETRCL N B, 7 Gt RIphr e ZE - BME, SR)5 5 WMO HUE I R 5 A 5 1 22
SRIFATILR GHEEER WK 3. IRIRRE M RIFEIE (H5%, 2010; FE&MEE, 2015), BN AR
SOREAS N8 H R IEAR i, I IR ZE R SR ZEAHSS, AHESH:

oéup = 02 + o (8)

Hooup s OMB HIBRHEZ . oo RN MMIRZARMELE . 0 RORTT RURZEMRIHEZE . AT (8) AIHEHEH:
0o < Oompo TEULERIL, AT 3 R AT UMAFH: ARIRIRT KT MK oppp T8 FEITE 2.42m/s-3.56m/s, &AL
M EAE LB T WMO BUE AL B AR 4m/s-6m/s. il T 5 H bR 10m/s-16m/s. BLAh, XHRZETILLT
XK JEE A T AHRUE TR A b, T BB AR 23 W RCBR Ik 3 b T BER =S [ I XUk J 3% 5 ECMWF % T Vaisala RS41

B SR A XA 458 40— Cingleby B,2017).

B10 ARIRAR A /KT IR B AR A 5 5537 FO o o 22 0 i 22 14 3 L7 A
Fig.10 Vertical distribution of STD (standard deviations) and BIAS of return radiosonde wind observation
against GRAPES model background

I HTAE IR R BRI BOR 1K) OMB BbRiE Z R ZE I TR B0 (18 11D GG R AT . 52T
T PS5 A R P 5% 22 R PRI SR S R o, LB RIER RS B R RN LR 2 K TR 2, FRRIE T
VEBTBL, A R AR I R B e T ORPH IR 2 R, I R R/ R 7 R I K. WMO X TR AN 2
JE AR B ARG EDN 0.6k-1k, 205 H AR A 1.8k-2.8k, 15t H b5l 6ko X EARIRZEMIRESIME (K 3)
AT DA s AR AR S A BRI TE IR R 51 B T WMO B IR S E bR, LA T BRI B BAR
PSR UL MR RN SR, REET 1k, AR TEE B ARIER IR TR BRI A,
AT 2.8k, KB T ROLE bR SFEBRIRS M A RN A H AR ek. BBAk, PR ZERHLE
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KFE, T EEBERAGIR WM IE R =5 T BOE R, o2 R E W ZELE 1k AN, )2 150hPa
JEATIEE] 2k, 20hPa VL LEEIE 3k, X I EGRDNON T BB H AR R 47 Ja B, T02F 5 K R S i

B1T AR 7 il 5 D B R 0 T B 2T 5 7 [ s 4 22 0 s 22 1) 3 20 AT
Fig.11 Vertical distribution of STD and BIAS of return radiosonde temperature observation
against GRAPES model background

Bl 12 AR IR I OMB [ AR it 22 AR 22 (1 2 LA AT, RDARHAUZ TRCA b DR EB i fE —
BATEERSE, INRIREE AT 5E, Btk R Goit BB T BB R E T R iR WS B . K
AN B THBORUR B B B3 0 A B A IR 3R — Bk, R34 500hPa LA ARXS T S 34H 5% M IE %,
500hPa LA b FI5% L 2 T B AR T 75 537 e 8 s o 36 A0 FEE Rl 1) T e J R 0 P A S B AE KU
RSO T 5 R B K 73 722 e R M, [ I 8 A% RS AE AR IR P B 55 VR 436 F i B A2 1% (WM,
2014). WMO FL7E W BEERIAE X LZE LT BRI H ARy 16%, 1R ETHBAREHRMA R RE HbR. T
Bee WL N2 0 S LA, 19 2 0308 1 T30 9 s 40% , EL BE 25 2%-4% 1 FLAE H ARG A AN ZEFE( R 3).

P12 AR R s P I B R S T A e S5 3 A o o 22 A Ml 2 F) 2 L AT
Fig.12 Vertical distribution of STD and BIAS of return radiosonde relative humidity observation
against GRAPES model background

RSN 5 (& 130, fERFEE S BRI OMB Fr#EZ/N T 1hPa, SR ZEILR] T
WMO #5E I EAR F AR 1hPa, 2R BIAERAR A M & A USRI R AR R HERR L, (HR AR R Gk Sl 22,
XT e i 70 A% EEIE FTA B A i e VA %

Bl 13 AR SR DR X T B 0TS 55 2 s 14 22 0 s 22 1) 3 B2 AT
Fig.13 Vertical distribution of STD and BIAS of return radiosonde pressure observation
against GRAPES model background

® 3 AR AN T R bR 2= SE T HRHIE
Table 3 standard deviations of return radiosonde observation against GRAPES model background
TR B B EA=N = OMB #rif Z HE
U Vi T (HI&E) RHY  PY
FIB XRZETCCRN  2.42mis 2.84m/s  1.03k/0.92k 15.58% 0.63hPa

B AHRETLL R 3.01m/s 3.56m/s - 1.87k/1.47k — 0.54hPa
FEE WRETLA L 3.13mis 3.30m/s  6.03k/1.54k — 0.49hPa

THE  XHEZETLLT  2.50m/s  2.74m/s  1.16k/0.80k 16.48% 0.75hPa
TR XHRETLL L 2.81m/s  3.23mis  2.33k/1.45k — 0.61hPa
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N T B SRR R R WM SO S R, 3R 4 4t 7[RI Bk A I 5 4R A AR AT SR PR LT B
Bl oo ZEAARAEZE TR AE R . BRIV SSRASAREL, AR PR T B UL N ot 58 i A A2
WMO FIRME HARE R, AWM E AR 7R H bR, X5 UEBE TR SE IR R4 1R — B0
Hrp, RIZZFARXECR, — 5wl gl TR R BE AT AR (GPS €M MERILENL), 73— 5T
PIERZE (TS 8] I AN i i D, i & R iR 22 57

R4 FERERA T BOWIIAR S T [k Bkl 5548 4 B b o 22 A i 22

Table 4 Standard deviations and bias of return radiosonde observation against

operational radiosonde at the same site

WNE R E N2/ FrifEZE iz
VB WHRJZ LT 3.24m/s -0.44m/s
WHARJZ L, - 3.14m/s 0.50m/s
Vi WHRJZ LT 3.59m/s 0.30m/s
HARZ L, - 3.37m/s -0.96m/s

T WRZETL T 1.38k 0.42k

XHRETREL | 2.73k 0.12k
P SHRETRLL T 0.90hPa -0.76hPa
SHRETILL | 0.64hPa -1.82hPa

RH 37 SHRETILL T 16.28% 5.51%

gie bR, ARRIRATRIACE R L AR B AN E R AL E T WMO FLE B H AR,
WAL T AT E AR, W W E RS A bR WRIET L, JOMERRZE BRI AE, BAWH
P WNBUERCZE b, AR RS RA R ? 4250 R R G E RN 5122 OMB J &0l 2 o (i Al
A, B 14 G TAERR S IR EL K OMB HIMESR A 18 . ANEIRT R AR RS 2B BOXSz WL
BRI R IESTo M, FFEA2 7 A RGN T I AR AGE o il AR B B T KBRS 20, H 4772 1E
RGuwZE, Rl TR BL RGUMZEIRS] 8.73k: RUIH RGNEMZERTDN, A8 AL ESR . RN EAE
JEM SR N RGNS Z, 22 B8 23 7 9-1.56hPa H1-10.4%. LSRG, AF IR R X700 I A0 1] Tk B W
e BRI, AR AR G i 22 R (R L 2 2 A (R A AT B A B AT D 22 0T IE SRR e BRI B RCR

K14 R SR S5 E R E A

Fig.14 Probability density distribution (PDF) of differences between return radiosonde
and GRAPES model background
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5 HEMITIR

F£T 2018 EE N AT R AR AW IR IS IS 2 2= 1A H BRI SR, ASCE e 5L 1 )k
SR B IR SR R A ) U7 58, Xt BRI ) U7 SR A BEVE AT IR BE T R E A B
GRAPES-4Dvar [Alf6 G0 & i 4% i A WL I B BRI ANBA 8 PR 20 A, [N 485 6 oLk S5 AR 2okt — AP A e
R BER BT T390 A2 WMO $i H R R B2 K s de i 70 BT 1 LI Bk AR O 22 R AL SR AR S T f T
FGTE. EEERUT:

(1) THIFE S AL AR BR 2 B s A SR BB TR T RRBER I BRI AN Rl Re i, R
WA R B ot B4 i S8 (A VIR BB z-score BIMESE) RAMPT BRI BORN . FHBORE M S 1IL 10 Fiks
LR, RAGEVOREEN N ERGS TR & FUER . BRI S RO BB E BEAT 7 2> A A 75
M—ZESRbr gt T M E M Tl 2 i B A A BEATIE R 1 A SC R B B4 1) S0k e 5 B 20

(2 M FH BB R A TR v T T8 3 2 (R A e 2 AR 0l b 3 R b 98 PR 25 R A R %5 o 42 I ) o e
ATHEAAVEAL, 45 BRI IR RS ERLR ATE L AT B RAEE RGE R Z , A fiE A3 T wMo
PUE M RBEE b, m RT3 B bR IREEWIEI N ERZE R, RIANREEWN RS Z /N, e
JEW R WMO HEE ) SR H B, L2 I TRDRLIN 2R 8 P 22 K, R i) e~ BOML N, 52 KBRS S ma R O W X2
J BAASE FE o 7 TRDR B AR SR 2237 1 ARV BE e, AHRE FE/N T 1hPa, TAE]T WMO (1
PRAR A TERRFEERINT T, W 2N AN 8 BE R WMO RUE 8 B AR, (H2 w2, RoRFRE
B v B PR W AR SRR PR 1 e

(3) AR IF BRI ZE RO FE AT i, IR — 0 AT A3 - A3 PR 25 0 X7 00 00 R T i W
MARGHE R T%, W20 ARG T WIS . otifoE, TEHEM TR RS HiE
W2 A A BN AR AL T BUE RN 5o RGNV Z S, 72 BEORHRMG AT 75 i — DT R w22 1T 1E T
Y&, AT EE A RO A5 BRI B

ARSI TS AR 9 LA T AR 3R SRS AERUE A b B R S AR B T 258, ARRIIHIE T TAE G4

(1) FrE il L — BRI G IOE . PP GRS I AR “ BB RN, S EOU A
SCPRELE TR, TR BT R A S T EOR S KU BEAT IO AR B AR . LR, AR R
FOEPCR AR B ESHR R TWINREA FR SR, BAK—Enamit, &EIEEE 2 iR
S R AT oA ) SRR AR I G VAT B0 . BEAh, SRR TR 78 4078 SRR AR 5 R) 1R B OC 22 SR KB )
HHE i, RETVHEENEE NSRS TR &

(2) JFR ST BRI AE TS . T 2R 3R B 2 AR IR AR W B Rk 56 i 5 HLA 28 BSUL
PR (IR TR, R BDRIAE) MIREAS ILECANSE CHE TAE, AR A R R O R 22, 9 HfE
BN R GRESEE.
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(first line and third line represent raw data, second line and fourth line represent data after quality control )
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